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Abstract One of the major limitations when attempting to
obtain detailed biochemical, biophysical and immunological
characterization of plant DNA mismatch repair proteins is
their extremely low abundance in vivo under normal growth
conditions. An initial analysis of PMSI transcript level in
various Arabidopsis thaliana tissues was carried out by
quantitative real-time RT-PCR. For calli, flowers and seed-
lings, the corresponding cDNA copies per ng RNA were
66.9, 3.1 and 2.7, respectively. This suggests an important
role of this gene in rapidly dividing tissues. In order to obtain
a high level of PMS1 from Arabidopsis thaliana, the protein
production was successfully optimized in an Esche-
richia coli host. The corresponding coding sequence of
PMS1 was inserted into pET28a downstream a hexa-histidyl
leader sequence. The pET28a—AtPMS1 plasmid was effi-
ciently expressed in JM109(DE3)-pRIL strain probably due
to the genotype features of the cells (endAl, recAl, relAl,
A(lac-proAB), laglqZAM15) and the presence of extra
copies of argU, ileY, and leuW tRNA genes, which encode
the RIL codons. This strategy has allowed us to obtain His-
tagged PMS1 at about 7% of the total soluble E. coli cell
protein. The protein was purified by standard Ni™ affinity
chromatography procedures and the electrophoretically
homogeneous preparation was used as an antigen for anti-
body generation in rabbits. This approach provides effective
tools for a further reconstitution of plant mismatch repair
(MMR) system in vitro and for the analysis of protein
expression and distribution of AtPMSI in various tissues
after different treatments (e.g. DNA mutagens).
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Introduction

The multiple eukaryotic homologs of the bacterial MutL
mismatch repair protein are implicated along with MutS
homologs in maintaining genomic integrity during DNA
replication and recombination (reviewed in [1-5]). Four
MutL. homologues encoded by yeast and mammals form
three functionally different heterodimers. MutLe, the het-
erocomplex of MLH1-PMSI1 in yeast and MLH1-PMS2 in
humans, represents the major MutL activity involved in the
post-replicative repair [6-9], where it coordinates the
mismatch recognition step by MutS homologs to down-
stream events that finally lead to the substitution of the
error-containing strand with an accurate copy of the tem-
plate sequence. Mutations in MLH1 or PMS2 result in a
mutator phenotype which has been directly linked to
increased susceptibility to hereditary nonpolyposis colon
cancer (HNPCC) in humans (reviewed in [10]).

All members of MutL family contain a set of conserved
aminoacid motifs near the amino terminal end that are
common to the GHKL protein family and form a nucleotide
binding pocket [11-14]. ATP binding and very weak ATPase
activity were demonstrated for Escherichia coli MutL [15],
human PMS2 [16] and Saccharomyces cerevisae MLH1
and PMSI1 [17]. These ATPase activities are required
for normal mismatch repair function [17, 18]. In addition
to binding and hydrolyzing ATP, MutL. homologues bind
single- and double-stranded DNA in a sequence and mis-
match independent manner [15, 19-21]. In addition to ATP
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and DNA binding, eukaryotic MutL proteins have an endo-
nuclease motif on the PMS1(PMS?2) subunit that incises the
discontinuous strand and thus generates new entry sites for
the 5'-3’ exonuclease EXOI to remove the mismatch [22—24].
In Arabidopsis thaliana, three MutL homologs designated as
MLH1, PMS1 and MLH3 have been identified [25-27].
MLH1-MLH3 heterodimer appears to play an important role
in promoting meiotic crossovers [27], while the MLH1-
PMS1 heterodimer (AtMutLa) is proposed to function in the
correction of different classes of DNA mismatches accord-
ing to yeast and mammal homologues. A more detailed
biochemical and structural characterization requires high
level production of the protein complex.

In this work, we evaluate the expression of the AtPMS]
gene (At4g02460) in calli, flowers and seedlings by
quantitative real-time PCR. We then report the first PMS1
protein over-expression in E. coli and its purification to
homogeneity. We have also raised polyclonal-antibodies
against the PMS1 subunit. The described approaches can
be useful for a further biochemical and structural charac-
terization of this A. thaliana protein and for the in vivo
study of protein expression in response to endogenous and
exogenous DNA mutagens.

Materials and methods
Chemicals and reagents

Trizol reagent and Zero Blunt TOPO PCR Cloning Kit
were purchased from Invitrogen. M-MLV reverse trans-
criptase and f-isopropyl-p-thiogalactoside (IPTG) were
from Promega. Restriction enzymes were products from
New England Biolabs or Promega. Monoclonal anti-His
antibody and HisTrap HP columns were from Amersham
Biosciences. Anti-mice and anti-rabbit IgG antibodies
conjugated to alkaline phosphatase were obtained from
Bio-Rad. All other chemicals and reagents used were of
molecular biology grade.

Plant material and growth conditions

Arabidopsis thaliana (Columbia ecotype) plants were
grown at 25°C in a growth room with a 16 h photoperiod.
Leaves from 3-week-old plants were either immediately
processed or quickly frozen in liquid nitrogen and stored at
—80°C until use. Callus formation was induced by incu-
bation of surface sterilized seeds on Murashige and Skoog
basal salt (MS) [28] medium supplemented with 3% (w/v)
sucrose, 0.5 mg/l kinetine, 2.5 mg/l 2,4-dichlorophenoxy-
acetic acid and 2.5% (w/v) phytagel for 72 h at 4°C. Calli
were cultivated on the same medium under dark conditions
at 22°C.
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Bacterial strains and growth conditions

Escherichia coli strains DH5x, BL21-CodonPlus (DE3)-
pRIL (Stratagene), BL21(DE3)-pLysS (Novagen) and
JM109(DE3) carrying the pRIL (Stratagene) or the pLysS
(Novagen) plasmids were used in cloning or expression
experiments. Cells were grown in LB medium in the
presence of kanamycin (30 pg/ml), nalidixic acid (15 pg/
ml) and/or chloramphenicol (20 pg/ml) where appropriate.
Agar (1% w/v) was added to solid media.

Analysis of AtPMSI transcript by quantitative
real time PCR

Total RNA was isolated from about 100 mg of various A.
thaliana tissues using the TRIzol reagent (Invitrogen) as
described by the Manufacture’s Protocol. All RNA samples
were incubated with RNase-free DNase I (1 U/ml) to
remove traces of genomic DNA. Reverse transcription was
performed with 4 ng of RNA using SuperScript II reverse
transcriptase (Invitrogen) and oligo-dT as a primer in a
final volume of 20 pl. After reverse transcription, 1 pl of a
1:3 dilution of the cDNA obtained was used as template for
real time PCR with a Mx 3000P QPCR System (Stratagene,
La Jolla, CA) using a reaction mixture containing
332.5 nM forward (CTCCTGGAACACAAGCTGAT) and
reverse (TTTAGGACCGGTTGACTG) specific primers
spanning a 200-bp region of AtPMSI! cDNA, 20 mM
Tris—HCI, pH 8.5, 50 mM KCl, 0.5x SYBR Green I
(Invitrogen), 3.5 mM MgCl,, 0.23 mM dNTPs and 0.58 U
Platinum Taq DNA polymerase in a total volume of 20 pl.
The PCR thermal cycling conditions were 2 min denatur-
ation at 94°C, followed by 50 cycles of 96°C denaturing for
10 s, 57°C annealing for 15 s, and 72°C extension for 20 s
and a final extension step at 72°C for 1 min. After each real
time reaction, the amplification products were verified by
2% (w/v) agarose gel electrophoresis and melting curves
were analyzed to ensure the identity of the specific PCR
product. The absolute copy number of AtPMS] mRNA was
calculated with standard curves performed with serial
dilutions of the pET28a-AtPMS1 plasmid as template
DNA. Based on the molecular weight of the cloned DNA,
the concentration of the template applied in each reaction
ranged from 0.25 fg to 0.25 ng. All reactions were per-
formed in triplicate from two independent sets of biological
replicates and each real time PCR experiment was con-
ducted at least twice.

Cloning of A. thaliana PMS1 homolog
Total RNA was isolated from young leaves of A. thaliana

using Trizol reagent as described by the manufacturer. The
first-strand cDNA was synthesized by M-MLV reverse
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transcriptase using total RNA as the template and oli-
go(dT);¢ as the primer. The PMS1 coding region (GenBank
Accession No. AY047228) was PCR amplified using the
forward primer AtP1-5PVsp: 5-GTCATTAATACCA
TGCAAGGAGATTCTTCTCCG-3' containing an artificial
Vspl site and the reverse primer AtP1-3PBam: 5'-CTGG
GATCCTCATGCCAATGAGATGGTTGC-3’ containing
a unique BamHI site. PCR reaction was carried out by a
denaturation step at 96°C for 5 min, followed by 40 cycles
(30 s at 94°C, 30 s at 60°C and 3 min at 72°C), and a final
extension at 72°C for 7 min in a Gene Amp PCR System
2400 (Perkin-Elmer). The proofreading Vent DNA poly-
merase was used to synthesize the PCR fragment. The
product was subcloned into the pCR-Blunt II-TOPO vector
yielding the intermediate construction named pTOPO-
AtPMSI1. Positive clones were transformed in E. coli DH5
and plasmids were prepared using QIAprep kit. pTOPO-
AtPMS1 was digested with Vspl/BamHI and the product
was loaded on agarose gels. The correct band was excised
and purified using QIAquick Gel Extraction kit. The
resulting Vspl/BamHI fragment containing the entire PMS1
coding region was ligated into the Ndel/BamHI sites of
pET28a (Novagen) in frame with the Hisg-tag to yield the
final pCGO1 plasmid.

Cell growth

Recombinant pCGO1 plasmid containing pms! cDNA from
A. thaliana was transformed in four different electrocom-
petent E. coli host cells: BL21-CodonPlus (DE3)-pRIL,
BL21-CodonPlus (DE3)-pLysS, JM109(DE3)-pRIL and
JM109(DE3)-pLysS following standard electroporation
procedures [29]. An isolated fresh transformant was inoc-
ulated into 5 ml LB medium containing the antibiotics
according to the particular plasmids (30 pg/ml kanamycin,
15 pg/ml nalidixic acid and/or 20 pg/ml chloramphenicol).
This culture was incubated overnight at 37°C with vigorous
shaking. Afterwards, the necessary inoculums that would
provide an initial ODgggnm =~ 0.05 were inoculated into
200 ml LB medium containing antibiotics followed by
incubation at 30°C up to an ODggpqy, of 0.8—1.0. At this
point AtPMS1 expression was induced by the addition of
IPTG to a final concentration of 0.1 mM. Aliquots were
collected immediately for the uninduced control or after
additional cell growth for 3, 6, and 16 h at 16°C.

Stability and toxicity of PMS1 expression vector

Serial dilutions (from 1072 to 10™%) were prepared for
uninduced and induced cultures grown as indicated above.
Five ul of each dilution were plated on LB-agar plates in
the presence or absence of kanamycin to check plasmid
stability. At the same time, the toxic effects of AtPMSI

protein expression were tested on LB-kanamycin-agar
plates containing 0.5 mM IPTG. The stability and toxicity
of the plasmids were determined by estimating the number
of colony-forming units of each dilution on the respective
plates. Absence of colonies on plates containing kanamycin
or both kanamycin and IPTG as compared to control plates
(plain LB-agar plates or LB-kanamycin) were interpreted
as plasmid loss and toxicity, respectively.

Recombinant expression and purification of AtPMS1

Overnight induced cultures were harvested by centrifuga-
tion at 5,000g for 20 min at 4°C. The cell pellets were then
immediately either stored at —80°C or resuspended in
15 ml/g cell wet weight chilled binding buffer (20 mM
Tris—HCI, 30 mM imidazole, 0.5 M NaCl, pH 7.4, 1| mM
PMSF). Alternatively, the induced AtPMSI1 cell pellet was
resuspended in lysis buffer containing 20 mM potassium
phosphate, pH 7.4, 5 mM KCl, 1 mM MgCl,, 1 mM
PMSF. When indicated cells were sonicated for 2 min in
10 s pulses with 30 s between pulses in an ice bath and the
cell debris was then removed by centrifugation at 7,000g
for 20 min at 4°C. Uninduced and induced cultures, both
soluble and insoluble fractions, were analyzed by 8% (w/v)
SDS-PAGE and proteins were detected with Coomassie
Brilliant Blue stain. In addition, JM109(DE3)-pRIL strains
were transformed with the expression vectors lacking the
insert and used as controls.

AtPMSI1 protein purification was carried out with the
resulting soluble cell extracts. The supernatant was filtered
through a 0.2 pum cellulose acetate membrane and loaded
onto a HisTrap HP affinity column previously equilibrated
with binding buffer. The column was exhaustively washed
with the same buffer to remove unspecific proteins bound
to the resin. Finally, increasing imidazole concentration to
500 mM in the same buffer allowed elution of the attached
AtPMS1 protein. Aliquots of the various fractions were
analyzed by SDS-PAGE and subsequent staining or elec-
troblotting (see below).

Antibody generation

Standard procedures were used to raise polyclonal-anti-
bodies against AtPMSI1 protein in rabbits. A sample of
purified denatured recombinant protein (200 pg) was mixed
with Freund’s complete adjuvant (1:1 ratio) and then
injected subcutaneously into a 4-month-old white rabbit. A
boost of the same protein (100 pg) was injected at 3-week
intervals. After 25-28 days of the last injection, antiserum
was collected and subsequently AtPMS1 antibodies were
purified according to a procedure described previously [30].
Briefly, recombinant AtPMS1 protein was subjected to
SDS-PAGE (8% w/v) and Western blotting. AtPMS1 was
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detected by reversibly staining with Ponceau S and excised
from the nitrocellulose membrane. The membrane slice was
then blocked for 1 h at 4°C with 5% (w/v) skim milk powder
in TBS buffer containing 10 mM Tris—HCI buffer, pH 7.5,
and 150 mM NaCl. Following three 5 min-washes with
TBS buffer, the slice was incubated with 0.5 ml of antise-
rum for 1 h at 4°C. After another three 5 min-washes with
TBS buffer, addition of 500 pl of 100 mM glycine-HCI, pH
3.0 and 100 mM NaCl allowed elution of the bound anti-
bodies. Finally, the pH of the solution was adjusted to pH 7.5
by the addition of 1 M Tris—HCI, pH 8.0. The antibody
elution step was repeated 3 times and the whole affinity-
purification protocol was performed four-times in all. All
the fractions containing the antibodies were pooled, brought
to 0.02% (w/v) NaN3, and stored at —80°C.

SDS-PAGE and immunological analyses

Protein samples were analyzed on 8% (w/v) polyacrylamide/
bisacrylamide denaturing gels according to Laemmli [31].
After electrophoresis with the Bio-Rad Mini-Protean 3 sys-
tem at 40 mA, proteins were either visualized by staining
with Coomassie brilliant blue (R250) [31] or electroblotted
on nitrocellulose membranes (Bio-Rad) at 50 V for 1 h [32].
After protein transfer, the membrane was stained with Pon-
ceau S to check transfer efficiency and then blocked with 5%
(w/v) skim milk powder in TBS buffer to minimize unspe-
cific protein/antibodies binding. All further steps were car-
ried out in TBS buffer. Immunodetection of the His-tagged
fusion protein was carried out with commercially available
anti-His antibodies (1:3,000 dilution) followed by incuba-
tion with rabbit anti-mice IgG conjugated to alkaline phos-
phatase. Alternatively, AtPMS1 was immunodetected with
the affinity purified anti-AtPMS1 (2 pg/ml) polyclonal
antibodies described above and recognized by goat anti-
rabbit IgG conjugated to alkaline phosphatase. Afterward,
membranes were developed with 5-bromo-4-chloro-3-
indolyl phosphate and nitro blue tetrazolium [32].

Analytical methods

Protein concentration was quantified using Bradford
reagent (Bio-Rad) and BSA as the protein standard [33].
Cell growth in liquid media was determined by measuring
the absorbance at 600 nm using a UNICAM, HEAIOS S
spectrophotometer.

Results and discussion
At present, plant DNA MMR system is by far much less

characterized than the respective prokaryotic, yeast and
mammalian mechanisms. So far, studies performed in
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plants are restricted to the identification of MutS and MutL
homologs and analysis of T-DNA insertion mutants. Fur-
thermore, MutLL homologs have been characterized in
plants to a more limited extent than MutS homologs. MLH1
and PMS1 genes from A. thaliana have been identified [25,
26] and the roles of the corresponding proteins have been
studied by gene inactivation (see [34] for a recent review).
Disruption of MLHI and PMS1 generated an accumulation
of frameshift mutations and an increase in the frequency of
homeologous recombination [35-38]. Additional bio-
chemical and biophysical data of the individual plant
mismatch repair proteins is still lacking probably due to
their low abundance in vivo and the lack of an efficient and
large-scale heterologous host protein production system.
Here, we first analyzed the PSMI gene expression by
quantitative real time RT-PCR in calli, flowers and seed-
lings from A. thaliana. Then, we constructed a prokaryotic
system to overexpress the protein in E. coli. As far as we
know, this is the first successful AtPMS1 overexpression in
E. coli. The results obtained may allow future investigation
on the biochemical, structural and immunological charac-
terization of PMS1 and the in vitro mechanism of action of
plant DNA mismatch repair system.

Analysis of AtPMS1 mRNA expression

AtPMS] transcript level was evaluated by quantitative real
time RT-PCR. Previous reports indicate that this gene
shows higher expression in cultured cells than in seedlings
when analyzed by Northern blot [25]. Here, the starting
copy number of the AtPMS] gene was quantified in calli,
flowers and seedlings using standard curves generated with
the pET28a-PMS|1 plasmid. Based on the known molecular
weight of the cDNA, the amount of template applied in
each reaction ranged from 0.25 ng to 0.25 fg. As shown in
Fig. 1, the expression of PMS1 per ng total RNA increased
in the order calli > flowers > seedlings (66.9, 3.1 and 2.7
cDNA copies/ng RNA, respectively). These data confirm
that PMSI gene is strongly required to ensure genomic
stability in rapidly dividing tissues. Further analysis using
Genevestigator indicate that PMS] is more strongly tran-
scribed in calli than in the other two tissues (Fig. 1, inset),
thus validating our real time PCR data.

AtPMS1 expression constructs

AtPMSI cDNAs was obtained by RT-PCR using specific
primers. After amplification, the cDNA encoding AtPMS/
was inserted into the pET28a expression vector so that the
pmsl sequence is in frame with an N-terminal Hise-tag
leader sequence. This Hise-tag fusion facilitates the puri-
fication of recombinant protein by Ni** affinity chroma-
tography and immunodetection by anti-His-tag antibodies.
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Fig. 1 Expression profiles of AtPMSI gene. Absolute copy numbers
of AtPMS] transcript in calli, flowers and seedlings were calculated
by quantitative real time RT-PCR using standard curves performed
with serial dilutions of the pET28a—AtPMS1 plasmid as template
DNA. Based on the molecular weight of the cloned DNA, the
concentration of the template applied in each reaction ranged from
0.25 fg to 0.25 ng. Inset: AtPMSI] expression analysis performed
using the Genevestigator database

AtPMS]1 toxicity and expression assay

Plasmid instability and toxicity mediated by IPTG induc-
tion of AtPMSI1 expression were compared in four E. coli
strains: BL21-CodonPlus (DE3)-pRIL, BL21(DE3)-pLysS,
JM109(DE3)-pLysS and JM109(DE3)-pRIL. As indicated,
plasmid loss and toxicity were analyzed by comparing
plating efficiency on antibiotic or both antibiotic and
inducer to that on plain or antibiotic plates, respectively. As
shown in Fig. 2, plasmid pCGO1 was stable in all assayed
strains (compare columns in the absence of any addition
and in the presence of selection marker). However, when

serial dilutions of the assayed strains induced with IPTG
were plated on LB-agar medium containing IPTG, there
was a significant inhibitory effect on colony-forming units
only for JIM109(DE3)-pRIL and BL21-CodonPlus (DE3)-
pRIL strains (shown on the right column of Fig. 2). On the
other hand, viable colonies were observed for BL21(DE3)-
pLysS and JM109(DE3)-pLysS in the presence of IPTG.
This result rules out the possibility of IPTG as responsible
for the observed toxicity in bacteria carrying the RIL
plasmid.

Subsequently, all the cultures were examined for their
ability to express PMS1. No overexpression of the protein
was observed in cell cultures of strains harboring the pLysS
plasmid as shown by an SDS-PAGE stained with Coo-
massie Brilliant blue (Fig. 3a). In contrast, the target pro-
tein was well overexpressed in JM109(DE3)-pRIL after
16 h induction with 0.1 mM IPTG (Fig. 3a). The protein
was also induced in BL21-CodonPlus (DE3)-pRIL under
the same conditions (Fig. 3b). Thus, the presence of argU,
ileY and leuW tRNA genes in the RIL plasmid was an
important contributing factor for increasing translation
efficiency. In fact, A. thaliana PMSI gene uses these rare
tRNAs (5.8%) whereas these are less represented in MutL
E. coli (1.8%). The strategy of increasing rare tRNA genes
within the host has been employed at several laboratories to
improve heterologous expression yields [39].

The results described indicate a relation between protein
overproduction and the inhibition of colony formation. The
target protein was expressed in BL21-CodonPlus (DE3)-
pRIL and JM109(DE3)-pRIL despite a considerable lack of
colony-forming units mediated by IPTG, suggesting that
PMSI induction is linked with colony growth. Even more,
colony formation of JM109(DE3)-pRIL cells after 16 hs
induction of the recombinant protein with 0.1 mM IPTG

Strain Construction | Time after Addition
induction None Selection marker Selection marker
(hs) and IPTG
BL21(DE3)pLysS pCGOI | 0 [oowm 2.0 © OB % K O at e
[ 16 |@ecocoo0d OCo00® Co00000 0
BL21-CodonPlus (DE3)-RIL pCGO1 0 X Il X o
16 |®o oo - e = & vaa
JM109(DE3)-pLysS pCGOl | 0 [ & & G v N E ’-'.‘:: Ui o
3 |0€5®“"9#" i‘o@‘é T N
6 K EEE B @ g o b
16 oo%oc@% ioo@@@e
JM109(DE3)-pRIL pCGO1 © & TElar n 5?; B [ T
16 1 i F‘i o ° \: %5 & g A

Fig. 2 Comparison of plasmid stability and toxicity mediated by
heterologous protein expression in various E. coli hosts. Kanamycin
(30 pg/ml), chloramphenicol (20 pg/ml) and/or IPTG (0.5 mM) were
added to LB-agar plates where appropriate. Each spot of each panel

from left to right corresponds to culture dilutions from 1072 to 1075,
Toxicity induced by protein expression is defined as the absence of
colonies on LB-antibiotics-IPTG agar plates

@ Springer



1068 Mol Biol Rep (2011) 38:1063-1070
Fig. 3 Expression analysis of a

AtPMS1-pET28a in various

E. coli strains. Cell extracts BL21(DE3) JM109(DE3) JM109(DE3)

were electrophoresed on SDS- pLysS pLysS pRIL

PAGE gels and proteins were
visualized by Coomassie blue Ty T, T, Ts
staining (a, b) or Western-blot
(¢). Strains used are indicated
above the respective lanes.
Lanes Ty, Tz, Ts, T)s: total
fractions before and after 3, 6
and 16 h induction with IPTG.
Lanes S|¢ and I;¢4: soluble and
insoluble fractions recovered
after sonication of the overnight
induced cultures, respectively.
Lane UM: unstained molecular
mass markers whose values
from top to bottom were 200,
150, 120, 100, 85, 70, 60, 50,

T UM Ty Tz Ty

40 kDa. The arrow indicates the b c
position of the overexpressed
fusion protein at the expected BL21(DE3) JM109(DE3) JM109(DE3)
position pRIL pRIL pRIL
UM Ty T Tis Sis To Tis Lis Sie Tis Tie S
—— « |
b — oy —

was inhibited (Fig. 2, last row), confirming that the over-
expression of PMS1 was toxic to E. coli.

AtPMS1 expression and purification

Freshly single transformants were grown in liquid LB
media and induced by IPTG. Cells were harvested and
disrupted under the indicated conditions. The cell lysate
was clarified by centrifugation and both soluble and insol-
uble fractions were analyzed on SDS-PAGE. As shown on
Fig. 3b, AtPMS1 expression yield in JM109(DE3)-pRIL
was much higher than that in BL21-CodonPlus (DE3)-
pRIL. Expression efficiency in JM109(DE3)-pRIL cells
might have improved significantly due to the presence of an
extra source of lacl? repressor protein, complete lac dele-
tion and endA, relA and recA mutations in JM109(DE3)
cells, which might be responsible for tightly controlling
basal expression and improving plasmid quality and sta-
bility. Although yeast and human PMS1 were reported to be
unstable in the absence of their counterpart MLHI1 [40, 41],
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we successfully overproduced PMSI1 individually. In
agreement with our results, Plotz et al. (2003) were able to
express the MutL subunits hMLH1, hPMS1 and hPMS2 at
high concentrations in a human MutL« deficient cell line.

It was previously reported that proteins having about 5%
of RIL codons were distributed both in soluble and insol-
uble fractions when expressed in BL21(DE3)-CodonPlus-
pRIL [42]. As shown in Fig. 3b, the fusion protein was
found to be present in a soluble form and insoluble
aggregates and migrated with an apparent molecular mass
of 107 kDa. This molecular mass roughly corresponds to
the molecular mass of the construct (102.7 kDa) fused to a
His-tag (2.33 kDa). Western blot analysis of the fusion
protein using anti-Histag antibodies indicated the presence
of an immunoreactive band with identical molecular mass
(Fig. 3c).

AtPMSI1 protein purification procedure took advantage
of the N-terminal His-tag in the fusion protein. Soluble
E. coli extracts was applied to a Ni* affinity chromatog-
raphy. The fusion protein bound to the resin was eluted
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UM I Ul PM HT UM I HT

Fig. 4 a Purification of AtPMS1-pET28a fusion protein. Fractions
were analyzed on SDS—-PAGE stained with Coomassie blue. Lane UM
unstained molecular mass markers whose values from top to bottom
were 200, 150, 120, 100, 85, 70, 60, 50, 40 kDa. Lanes I and UI total
fraction of JM109(DE3)-pRIL transformed with AtPMS1-pET28a
before and after 16 hs induction with IPTG. Lane PM prestained
molecular mass markers whose values from top to bottom were 120,
85, 50 kDa. Lane HT fractions from the HisTrap HP column eluted
with 500 mM imidazole. The arrow indicates the position of the
fusion protein. b Western blot analysis of AtPMSI1. Primary
antibodies used were the purified polyclonal antibodies generated
against AtPMS]1 protein. Lane UM unstained molecular mass markers
whose values from top to bottom were 200, 150, 120, 100, 85 kDa.
Lane I total fraction of JMI109(DE3)-pRIL transformed with
AtPMSI1-pET28a after 16 h induction with IPTG. Lane HT
recombinant AtPMS1-Hisg protein eluted from the HisTrap HP
column

with 500 mM imidazole in the binding buffer (Fig. 4a).
Analysis of the purified fractions by SDS-PAGE and
Coomassie brilliant blue staining indicated a purity and
yield of 99.5% and 0.2 mg/g cells, respectively.

Anti-AtPMS1 polyclonal antibodies generation

The highly purified preparation was a good candidate to
immunize rabbits for polyclonal antibodies generation since
AtPMS]I gene is expressed at low levels in vivo, as described
above. The immune serum was affinity purified against the
denatured PMS1 protein according to Materials and Methods.
Purified antibodies detected a single immunopositive protein
corresponding to the fusion protein (Fig. 4b). No signal was
visualized using preimmune serum (results not shown).

Conclusions

In summary, in this study we first evaluated the expression
of the AtPMSI gene in calli, flowers and seedlings and
observed that this transcript is predominantly expressed in
rapidly dividing tissues. This confirms the important role of
the AtPMS1 gene in maintaining genomic integrity during

DNA replication. We then optimized the over-expression
of the A. thaliana PMS1 protein in E. coli. The presence of
extra copies of the argU, ileY, and leuW tRNA genes,
which encode tRNAs that recognize the codons AGA/
AGG, AUA and CUA, respectively (pRIL) besides an extra
source of lacl’ repressor protein, complete lac deletion and
endA, relA and recA mutations in JIM109(DE3) cells, which
might be responsible for tightly controlling basal expres-
sion and improving plasmid quality and stability signifi-
cantly improved PMS1 expression efficiency. In addition,
the protein was purified and polyclonal antibodies were
generated in rabbits. The use of the recombinant protein
and the antibodies will be suitable for further structure—
function studies and will provide in this way a better
understanding of plant DNA MMR system.
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